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Abstract 
The hazelnut in China northeast area was used as raw materials and Alcalase was employed to extract hazelnut 
protein in this study. The total hazelnut protein extraction rate was deemed as indicator and different factors were 
studied. The results showed that optimum conditions were: enzyme additive amount 2.0%, hydrolysis temperature 
55°C, hydrolysis time 2.5h, the ratio of solid to liquid 1:5 and pH 8.9. The contribution rate of factors can be obtained 
by the F test is x1>x2>x4>x5>x3, that is enzyme additive amount > hydrolysis temperature > the ratio of solid to 
liquid> pH > hydrolysis time. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
Hazelnut (Corylus heterophylla Fisch. exBess) also known as Ping Zhen and Fan Shan Li, which 
contains abundant nutrition [1]. Researches show that hazelnut content 20% protein and higher fat 50% 
~63.8% [2]. Hazelnut products as a natural healthy food products are gradually aroused the attention of 
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consumers and industries. Hazelnut protein extraction products have been developed a wide array of 
hazelnut products which have a wide range of prospects. 
Aqueous enzymatic extraction has been extensively studied. It has received much interest, and viewed 
as an alternative method to extract oil and protein from oil-bearing seeds [3]. Not only this green 
technology is beneficial to people’s health but also is environmental friendly.  
In this study, alkaline protease “alcalase” was used in the extraction of hazelnut protein. The single 
factor experiments and response surface methods were employed to optimize the parameters in protein 
extraction process. 
2. Methods 
2.1. Materials 
Hazelnuts were purchased from local supermarket and its components are listed in Tab.1. Alcalase 
alkaline endo-protease (activity 1.2×105U/mL; Novo Company) was employed in this experiment. 
LDZ5-2-type low-speed desktop centrifuge, DU800 UV spectrophotometer, electronic balance, F2102 
type of plant specimen grinder, electric heated water bath, precision electric mixer, Kjeltec auto analyzer, 
digestion furnace and electro-thermostatic blast oven were used in this experiment. 
Table.1 Main components of hazelnut  
Ingredient Crude protein Crude fat Water Ash
Content (%) 17.4 60.5 4.0 2.6 
2.2. Procedure 
Hazelnut Grind Blend Adjust pH & temperature Hydrolysis 
Free oil 
Cream
Skim 
Residual Measure residual protein 
Centrifuge Enzyme 
inactivate
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2.3. Single factor experiments 
(1) The parameters of the effect of enzyme additive amount on total protein extraction single-factor 
experiments are as follows: materials to water rate 1:6, hydrolysis temperature 50 ºC, hydrolysis time 3h 
and pH 9. The selected enzyme additive amounts are 0.5%, 1%, 1.5%, 2%, 2.5%, 3% and 3.5%. 
(2) The parameters of the effect of temperature on total protein extraction single-factor experiment are 
as follows: materials to water ratio 1:6, hydrolysis time 3h, pH 9 and enzyme additive amount 2%. The 
chosen reaction temperature are 40 ºC, 45 ºC, 50 ºC, 55 ºC, 60 ºC and 65 ºC.  
(3) The parameters of the effect of time on total protein extraction single-factor experiment are as 
follows: materials to water ratio 1:6, hydrolysis temperature 50 ºC, pH 9 and enzyme additive amount 2%. 
The chosen hydrolysis times are 0.5 h, 1 h, 1.5h, 2h, 3 h, 3.5 h and 4 h. 
(4) The parameters of the effect of materials to water ratio on total protein extraction single-factor 
experiment are as follows: hydrolysis temperature 50 ºC, pH 9 and enzyme additive amount 2%. The 
chosen materials to water ratios are 1:3, 1:4, 1:5, 1:6, 1:7 and 1:8. 
(5) The parameters of the effect of pH on total protein extraction single-factor experiment are as 
follows: materials to water ratio 1:6, hydrolysis time 4h, hydrolysis temperature 50 ºC and enzyme 
additive amount 2%. The chosen pH is 7, 8, 9, 10, 11 and 12. 
2.4. Response surface method analysis 
The range of level values of each factors were determined based on the single-factor experiments 
parameters. The response surface method was employed to analysis the effects of each factors on total 
protein extraction rate. Five factors (enzyme additive amount, hydrolysis temperature, hydrolysis time, 
materials to water ratio and pH) were selected as independent variable and total protein rate was chosen 
as variable. 
2.5. Analytical methods 
Determination of water: according to GB 5009.3-2010  
Determination of fat: according to GB/T 14772-2008 
Determination of crude protein: according to GB 5009.5-2010 
Determination of ash: according to GB/T 5505-2008 
Weigh 30g hazelnuts grinding powder, and then mixed with distilled water according to a certain 
materials to water ratio. Then, transfer the mixture into water bath with continuous stirring and adjust the 
mixture pH using NaOH. Alkaline endo-protease (Alcalase) was added into the mixture and kept the 
hydrolysis temperature during the enzymatic hydrolysis process. Then, inactivate the enzyme by 
increasing temperature to 100 ºC for 5 min and centrifuge the mixture. After then, absorb the oil in upper 
layer and dry the residual materials. 
Equation 1 is used to calculate the total protein extraction rate of hazelnut protein: 
               (1)
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3. Results and discussion 
3.1. The analysis of single factor experiment 
3.1.1 The effect of enzyme additive amount on protein extraction rate 
Fig.1 shows that the protein extraction rate is increased with the increasing additive amount of 
enzyme. The protein extraction rate reaches its highest point when the additive amount of enzyme is 2%. 
However, the extraction rate keeps stably when the additive amount beyond 2%. The reason of this trend 
is that the hydrolysis process is more adequate with the increasing of enzyme amount. The enzyme 
penetrates into the liposome membrane movement and the decomposition function of enzyme to 
lipopolysaccharide and lipoprotein of great benefit to the protein release [5]. The optimum enzyme 
additive amount is 2%. 
Fig.1 Effects of dosage of enzyme on extraction rate of hazelnut protein 
3.1.2 The effect of hydrolysis temperature on protein extraction rate 
Fig.2 indicates that the protein extraction rate is increased with the increasing temperature (under 55 
ºC) and decreased with the increasing temperature (beyond 55 ºC). The reason is that the suitable 
temperature of enzyme is below 55 ºC and the higher temperature inactivate enzyme (beyond 55 ºC). The 
suitable temperature is 55 ºC.  
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Fig.2 Effects of hydrolysis temperature on hazelnut protein extraction rate 
3.1.3 The effect of hydrolysis time on protein extraction rate 
Fig. 3 shows that the protein extraction rate increase sharply when the hydrolysis time under 1.5h and 
keep stable with the increasing of time, which illustrates that the interaction between enzyme and 
substrate is totally complete. Therefore, the suitable hydrolysis time is 1.5h.   
Fig.3 Effects of hydrolysis time on hazelnut protein extraction rate 
3.1.4 The effect of materials to water rate on protein extraction rate  
Fig.4 illustrates that the protein extraction rate is increased first and then decreased gradually with the 
decrease of materials to water rate. The protein extraction rate reaches its peak at materials to water rate 
1:5. From previous papers, we know that water plays a key role in hydrolysis process, however, 
overwhelming water decrease the concentration of enzyme and substrate which decrease the opportunity 
of collision between enzyme and substrate at molecular level [6]. Then, the suitable materials to water 
rate is 1:5. 
Fig.4 Effects of ratio of material to water on hazelnut protein extraction rate 
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3.1.5 The effect of pH on protein extraction rate 
   Fig.5 shows that the protein extraction rate is gradually increased with the increase of pH. The 
highest protein extraction rate is reached when the pH is 9, and then the rate fell along with the decrease 
of pH. The main reason of this phenomenon is that the suitable pH of Alcalase is 9. The enzyme is at its 
highest activity at pH 9 and more protein extracted [7]. The suitable pH is 9. 
Fig.5 Effects of pH value on hazelnut protein extraction rate 
3.2. Response surface analysis 
The range of each factor’s level is determined based on the data of single factor experiment. The 
response surface analysis method is employed to design and optimize the parameters in the experiment. 
The independent variables are as follows: enzyme additive amount (x1), hydrolysis temperature (x2),
hydrolysis time (x3), materials to water rate (x4) and pH (x5). The response value is total protein extraction 
rate. Tab.2 is the level coding and Tab.3 is the design and result of this experiment. Experimental No.1-
26 is the factorial and 27-36 is center trial used to estimate the experimental error. 
Table.2 Encode table of factors and levels 
Code Factor
Enzyme additive  
amount 
x1 (%) 
Hydrolysis 
temperature 
x2 (ºC) 
Hydrolysis  
time 
x3 (h) 
Materials to  
water rate 
x4
pH
x5
-2 1 45 1.0 1:3 7.0 
-1 1.5 50 1.5 1:4 8.0 
0 2.0 55 2.0 1:5 9.0 
1 2.5 60 2.5 1:6 10.0 
2 3 65 3.0 1:7 11.0 
Table.3 Design and results of response surface analysis 
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Run 
Enzyme additive  
amount 
x1 (%) 
Hydrolysis 
temperature 
x2 (ºC) 
Hydrolysis  
time 
x3 (h) 
Materials to 
water rate 
x4
pH
x5
Total protein 
extraction rate 
y(%) 
1 -1 -1 -1 -1 1 74.01 
2 -1 -1 -1 1 -1 73.92 
3 -1 -1 1 -1 -1 84.08 
4 -1 -1 1 1 1 84.22 
5 -1 1 -1 -1 -1 74.37 
6 -1 1 -1 1 1 84.74 
7 -1 1 1 -1 1 82.58 
8 -1 1 1 1 -1 82.8 
9 1 -1 -1 -1 -1 82.42 
10 1 -1 -1 1 1 70.12 
11 1 -1 1 -1 1 84.43 
12 1 -1 1 1 -1 86.86 
13 1 1 -1 -1 1 83.56 
14 1 1 -1 1 -1 84.55 
15 1 1 1 -1 -1 84.28 
16 1 1 1 1 1 88.17 
17 -2 0 0 0 0 74.67 
18 2 0 0 0 0 88.06 
19 0 -2 0 0 0 84.38 
20 0 2 0 0 0 87.38 
21 0 0 -2 0 0 80.44 
22 0 0 2 0 0 89.66 
23 0 0 0 -2 0 82.46 
24 0 0 0 2 0 87.24 
25 0 0 0 0 -2 86.96 
26 0 0 0 0 2 91.46 
27 0 0 0 0 0 91.88 
28 0 0 0 0 0 90.01 
29 0 0 0 0 0 89.58 
30 0 0 0 0 0 91.48 
31 0 0 0 0 0 90.55 
32 0 0 0 0 0 90.78 
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The response surface regression model Eq.2 is established by SAS 9.2. 
y=89.03671+1.826006x1+3.052083x2+0.427917x3-0.975417x4-0.007083x5-3.125412x12-
0.963125x1x2 + 0.170625x1x3+1.025625x1x4+ 1.183125x1x5 - 1.676296x22 - 1.316875x2x3 + 
0.780625x2x4 + 1.150625 x2x5 - 0.758796 x32 - 0.103125 x3x4- 0.343125x3x5 - 1.683796 x42 + 
1.229375 x4x5 - 0.343796 x52                                                                                                                   (2) 
Tab.4 shows the results of regression and variance analysis and Fig.6 illustrates the results of 
dimension reduction analysis. Tab.5 is the results of response surface optimization and Fig.7 is the 
response surface analysis of significant effective interaction items. 
 From Tab.4, the linear relationship between dependent variable and independent variables is 
significant, the regression model is significant (p <0.0001), lack of fit is insignificant, R2= 97.66% and 
R2Adj=93.42%, which indicate that the model fits well with the experimental data and the model can be 
used to analysis and predict the results of enzymatic extraction of hazelnut protein. Factor contribution 
rate obtained from the F-test are as follows: x1 > x2 > x4 > x5 > x3 (hydrolysis temperature > enzyme 
additive amount > materials to water ratio > pH > hydrolysis time). 
Table.4 Results of regression and variance analysis.  
Various Degrees of freedom Sum of 
squares 
Mean square F Pr>F 
x1 1 32.76104 32.76104 15.053 0.0026 
x2 1 40.01584 40.01584 18.38642 0.0013 
x3 1 193.6312 193.6312 88.9694 <.0001 
x4 1 9.639337 9.639337 4.42907 0.0591 
x5 1 0.511634 0.511634 0.235085 0.6373 
x12 1 188.4045 188.4045 86.56783 <.0001 
x1x2 1 4.483806 4.483806 2.060213 0.1790 
x1x3 1 0.787656 0.787656 0.361911 0.5596 
x1x4 1 15.26856 15.26856 7.015575 0.0226 
x1x5 1 30.83026 30.83026 14.16584 0.0031 
x22 1 45.80924 45.80924 21.04837 0.0008 
x2x3 1 50.80126 50.80126 23.34209 0.0005 
x2x4 1 39.97401 39.97401 18.3672 0.0013 
x2x5 1 47.43766 47.43766 21.79659 0.0007 
x32 1 62.23107 62.23107 28.59385 0.0002 
x3x4 1 3.715256 3.715256 1.707081 0.2180 
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x3x5 1 1.107756 1.107756 0.50899 0.4904 
x42 1 66.56351 66.56351 30.58451 0.0002 
x4x5 1 0.006006 0.006006 0.00276 0.9590 
x52 1 21.19516 21.19516 9.738725 0.0097 
Regression 20 1000.793 50.03965 22.99215 <.0001 
Residual 11 23.94018 2.17638 
Lack of fit 4 13.03778 3.259444 2.09276 0.1852 
Sum 31 1024.733 
Fig.6 shows the law of the effect of enzymatic parameters on total protein extraction rate. The total 
protein extraction rate increases with the increasing of enzyme additive amount. And the rate increases 
first and decreases with the rising hydrolysis temperature, which mainly due to that the effect of alkaline 
protease is better in its suitable temperature [8]. Total protein extraction rate increases with the 
prolonging hydrolysis time; however, the rate falls after a certain time. Total protein extraction rate 
increases with the increasing of materials to water rate, while the continuous increasing of materials to 
water rate will dilution [9] the concentrations of enzyme and substrate by decreasing the collision 
probabilities of enzyme and substrate at molecules level. Therefore, the total protein extraction rate 
decreases. The total protein extraction rate increases first and then decreases with the rise of pH. 
Fig.6 Dimension reduction analysis of effect of different hydrolysis parameters on extraction rate of hazelnut protein 
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Tab.5 shows the optimum parameters obtained from response surface analysis. The optimum 
parameters are as follows: enzyme additive amount 2.0%, hydrolysis time 2.5h, hydrolysis temperature 55 
ºC, materials to water rate 1:5, pH 8.9 and total protein extraction rate 92.20±0.58.  
Table.5 Optimum results of response surface  
Factor Level value Actual value Order Total protein  extraction rate 
x1 0.13357 2.0668 2.0 92.20±0.58 
x2 -0.01205 54.9398 55 
x3 1.01791 2.5090 2.5 
x4 0.32288 5.3229 1:5 
x5 -0.05153 8.9485 8.9 
A: y=f(x1，x4)                                                     B: y=f(x1，x5)
C: y=f(x2，x3)                                                      D: y=f(x2，x4)
4671Xiaonan Sui et al. / Procedia Engineering 15 (2011) 4661 – 4672Xiaonan Sui et al / Procedia Engineering 00 (2011) 000–000 11
E:y=f(x2，x5)   
Fig.7 Response surface analysis of significant effective interaction items of different hydrolysis parameters on extraction rate of 
hazelnut protein 
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3.3. Verification experiment 
Three parallel experiments were taken under the best conditions: enzyme additive amount 2.0%, 
hydrolysis time 2.5h, hydrolysis temperature 55 ºC, materials to water rate 1:5 and pH 8.9. The average 
result of the three parallel experiments is 92.02% which indicates that the response value fits well with 
the regression predict value and the model can predict the actual condition of pin hazelnut protein 
extraction.  
4. Conclusion 
Alcalase endo-protease enzyme was employed in this experiment to extract protein from hazelnut. The 
response surface analysis method was employed to optimize the parameters in the experiment. The 
optimum parameters are as follows: enzyme additive amount 2.0%, hydrolysis time 2.5h, hydrolysis 
temperature 55 ºC, materials to water rate 1:5 and pH 8.9. Factor contribution rate obtained from the F 
test is x1>x2>x4>x5>x3, that is enzyme additive amount > hydrolysis temperature > the ratio of solid to 
liquid> pH > hydrolysis time. 
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